Background: Most studies examining episodic memory in Alzheimer disease (AD) have focused on patients' impaired ability to remember information. This approach provides only a partial picture of memory deficits since other factors involved are not considered. Objective: To evaluate the recognition memory performance by using a yes/no procedure to examine the effect of discriminability and response bias measures in amnestic mild cognitive impairment (a-MCI), AD dementia, and normal-aging subjects. Methods: We included 43 controls and 45 a-MCI and 51 mild AD dementia patients. Based on the proportions of correct responses (hits) and false alarms from the Rey Auditory Verbal Learning Test (RAVLT), discriminability (d ′ ) and response bias (C) indices from signal detection theory (SDT) were calculated. Results: Results showed significant group differences for d ′ (F (2) = 83.26, p < 0.001), and C (F (2) = 6.05, p = 0.00). The best predictors of group membership were delayed recall and d ′ scores. The d ′ measure correctly classified subjects with 82.98% sensitivity and 91.11% specificity. Conclusions: a-MCI and AD dementia subjects exhibit less discrimination accuracy and more liberal response bias than controls. Furthermore, combined indices of delayed recall and discriminability from the RAVLT are effective in defining early AD. SDT may help enhance diagnostic specificity.
Introduction
Alzheimer disease (AD) is a syndrome characterized by progressive decline in multiple cognitive functions. Memory impairment is a key symptom, often present in prodromal stages and referred to as amnestic mild cognitive impairment (a-MCI) [1] [2] [3] . Memory impairment can precede the development of atrophy in medial temporal structures [4, 5] and cause a severe amnesic syndrome in very early AD, even in a subgroup of patients who did not meet the criteria for dementia [2, 6] .
Current research has focused on studying patterns of memory deficits with the aim of anticipating dementia development as accurately as possible [7] . Typical AD episodic memory changes manifest as impaired delayed free recall with a limited effect of cueing on recall (i.e., low total recall) [8, 9] . This specific neuropsychological memory deficit profile known as ''amnestic syndrome of the hippocampal type,'' and proposed as a key AD research criterion [9] distinguishes AD cognitive profile from other types of dementia and has been linked to neurofibrillary tangle and senile plaque proliferation in the medial temporal lobe [10, 11] . Another aspect of memory evaluation includes testing for memory recognition. Several studies have shown that both recognition and cueing are relevant to describe the patient's true performance [12, 13] . Recognition memory has been defined as the ability to accurately assess that a stimulus has been encountered before. In a yes/no recognition test, previously studied items (targets or old) and distractors (new) items are randomly presented one at a time, and subjects respond whether the item was (''yes'') or was not (''no'') on the study list [14] . Most clinical of these yes/no recognition memory tests provide scores and norms only for the total number of target items correctly endorsed (i.e., ''hits''). However, these tests provide only a partial picture of memory deficits because other factors involved in recognition memory such as discriminability and response bias are not considered. On the other hand, the manner in which recognition performance is measured varies considerably across studies and across instruments [15] . For example, most studies simplify recognition memory assessment by only registering the number of correct identifications (i.e., ''hits'') [15] . Other researchers report a corrected measure: hits minus false alarms [16, 17] , or percent of correct recognitions [18, 19] or through nonparametric methods [20] .
Using these methods, one assigns the same score to a patient who has relatively few hits and a low number of baseline false alarms (the misidentification of a target as a distractor) as to a patient who has a relatively large number of hits and many baseline false alarms. Despite having the same score, many patients probably have different memory patterns attributable to specific anatomical and neurochemical dysfunctions. Focusing only on the total number of target items correctly endorsed would overlook such differences [21] . A more descriptive approach to characterize recognition memory performance includes signal detection analysis [13, 15] . Signal detection theory (SDT) [12, 13] provides a general theoretical framework for understanding how variability in memory representations of target and distractor items interacts with a cognitive decision process [22, 23] . Therefore, SDT analyzes both correct responses (hits) and false alarms, and yields 2 measures of recognition memory [13, 24] : recognition discriminability and response bias. Discriminability (d ′ ) refers to the ability to distinguish target words from distractor words and reflects the strength of a memory trace. Response bias (C) reflects the outcome of a decision making process that occurs as an individual is faced with choosing between 2 or more options. Response bias is theoretically independent of recognition discriminability [12, 25] ; that is, subjects can exhibit positive (i.e., ''yes'') or negative (i.e., ''no'') response bias when discriminability is high or low.
Using SDT models to characterize these 2 different and independent processes of recognition memory in AD research, may be useful to interpret recognition memory performance at both the clinical subpopulation level (preclinical, MCI, dementia) and the individual level (diagnosis of a particular patient) [22] .
The majority of studies attempting to disentangle both process have found that dementia patients typically demonstrate d ′ values much lower than those of controls [13, 15, 26] , while response bias has often been reported to be equivalent to [22, 27] or more liberal than [13, 15] that of controls. Researchers suggest different explanations for these findings. For example, diminished discrimination between targets and distractors may reflect a fundamental memory deficit, whereas the conservative or liberal response bias may be related to motivation [28] or frontal lobe dysfunction [21] in AD patients. However, these findings are not universal, and available data about the utility of these measures in terms of classification or differential diagnosis in AD spectrum are lacking.
For this reason, we assessed the recognition memory performance using a yes/no procedure to examine the effect of discriminability and response bias measures in individuals with a-MCI, AD dementia, and normal aging. The major aims of the study were to: (a) examine the nature of recognition impairments across yes/no testing format from the Rey Auditory Verbal Learning Test (RAVLT), a standard memory test; (b) demonstrate the utility of these measures to interpret the recognition memory performance beyond what is provided by the traditional score alone. We hypothesized that a-MCI subjects would display pattern deficits on the RAVLT closely resembling that seen in AD dementia individuals, including poor discriminability and more liberal response bias compared to normal aging. We also predicted that the use of traditional recognition memory score alone would result in patient misclassification, and it would be not as sensitive and specific as the discriminability and response bias indices to assess the recognition memory performance and to predict the group membership (MCI/AD from controls). Finally, we predicted that patients with AD dementia would show a more liberal response bias compared to normal-aging and a-MCI subjects.
In order to test these hypotheses, we studied the performance of 2 groups of patients on delayed recall and recognition memory tasks from the RAVLT using SDT analysis: patients with a-MCI, who are patients at high risk for AD, and patients with mild probable AD dementia. The performance of these groups was compared with that of control subjects.
Methods

Design
The design is a cross-sectional study of patients older than 60 years who attend the Memory Disorder Clinic at the Institute of Neurological Research Raul Carrea, FLENI, in Buenos Aires, Argentina. Patients were selected by convenience sampling of consecutive patients with cognitive impairment or dementia between January and March 2012.
Subjects
A total of 139 subjects were included for this analysis and assigned to 1 of 3 groups: mild AD dementia group ( n = 51), a-MCI group ( n = 45), and control group ( n = 43). All subjects were evaluated in the Memory Disorder Clinic by a neurologist experienced in memory disorders (M.J.R., J.C., and R.F.A.).
The initial workup for the patients of the AD and a-MCI groups included a complete 30-min structured interview of subjects and family members, laboratory workup and structural brain imaging. After a complete evaluation, member teams had a consensus conference with revision of each case, and patients were given a diagnosis according to the clinical, neuroimaging, neuropsychological, and biochemical information gathered.
The diagnosis of probable AD dementia was based on the criteria of the National Institute of Neurological and Communicative Disorders and Stroke -Alzheimer's Disease and Related Disorders Association criteria for probable AD dementia [29] , as well as the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV-TR) [30] criteria for dementia. An individual was considered to have AD dementia when he/she presented with a history of progressive memory impairment compared to the previous level of memory capacity and this memory disorder had affected his/her instrumental and basic daily functioning. All of them had a Mini-Mental State Examination (MMSE; adjusted for age and education) [31, 32] score of 20-26 (inclusive) and a global Clinical Dementia Rating Scale (CDR) [33] score of ≥ 1.
Subjects in the a-MCI group met the criteria for single-domain amnestic MCI [2, 34] when there was a concern regarding their memory performance referred by patients themselves or by others, and had a performance on delayed recall score of at least 1.5 standard deviations (SD) below average matched against age and education level of controls. Subjects with amnestic multidomain MCI or nonamnestic multiple domain MCI were not included in the study. Since recognition memory performance score was one of our hypotheses, we did not include it for the diagnosis. Patients in this group also had to have a score of 24-30 (inclusive) in the MMSE [31, 32] , a score of 0.5 on global CDR [33] , a memory box score greater than or equal to 0.5, and a normal or minimally affected score in daily activities measured by the Functional Assessment Questionnaire [35] and our clinical interview.
We recruited 43 controls from family members and friends of the patients seen in our memory disorder clinic, and we matched the controls for educational level and age of the patients. Our criteria for recruitment of controls included subjects without a memory complaint different than the age group memory complaints, an MMSE score of 24-30 (inclusive) [31, 32] , normal functioning in activities of daily living, and normal cognitive abilities expressed as a score above specific cutoffs on the RAVLT [36, 37] and global CDR [33] , and a memory box score of 0. We evaluated controls using the same procedure described above for the patients.
We excluded patients with a history or imaging of previous cerebrovascular disease including extensive white matter disease, Parkinson disease, significant depression, positivity for HIV or AIDS, dementia due to reversible causes, and patients treated with benzodiazepines, antipsychotics, or antiepileptic medication.
Measures and Analysis
The RAVLT [36] was administered to participants as part of a 90-min battery of psychometric tests including: the MMSE [31, 32] ; Logical Memory subtest of the Wechsler Memory Scale-III [38] ; Boston Naming Test [39] ; Categorical and Phonological Verbal Fluency test [40] ; Forward and Backward Digit Span [41] ; Trail Making Test A and B [42] ; Rey-Osterrieth Complex Figure test [37] ; Frontal Assessment Battery [43] ; Functional Assessment Questionnaire [35] ; Geriatric Depression Scale [44] ; and Neuropsychiatric Inventory Questionnaire [45] . The neuropsychological test battery was designed based on a local adaptation of the Alzheimer's disease Centers' Uniform Data Set [46, 47] .
Episodic memory was evaluated using the RAVLT in a standard manner [36] . Fifteen words were read aloud for 5 learning trials, followed by a distractor list, recall after the distractor list, 20-min delayed recall, and recognition as measured through identifying target words from a list of 50 words, which included 35 false alarms.
Scoring
Recall and recognition RAVLT variables were used to assess immediate and delayed free recall, as well as recognition memory. Recognition memory trials consisted of 15 target items (list A) randomly mixed with 35 distractors; subjects were to respond ''yes'' if the item was from the target list, and ''no'' if it was not. The level of performance was reflected by the number of ''correct hits,'' i.e. number of words correctly identified from list A; and ''false alarms'' referred to any word incorrectly identified as present on list A.
RAVLT results yielded 2 measures of recognition memory that were adapted from SDT: recognition discriminability (d ′ ) and response bias (C) [13, 24] . Discriminability index (d ′ ) (d ′ = Z hits rate -Z false alarms rate) is analogous to a contrast z score, reflecting the absolute difference in standard deviation units between subject hit rate and false alarm rate. Greater d ′ indicates greater discrimination; 0 indicates chance performance. The response bias measure employed in this study was a parametric measure of C (for criterion level) defined as -0.5 ( z score of hit rate + z score of false alarm rate). More negative scores reflect a positive or ''yes'' response set (liberal response bias), more positive scores reflect a negative or ''no'' response set (conservative response bias), and 0 indicates a neutral bias. Because these measures are undefined when the proportion of responses equals 0 or 1, all responses were converted using the formulas provided by Snodgrass and Corwin [13] .
Statistical Analyses
For statistical analyses, we used the Statistical Package for the Social Sciences, v19.0 (SPSS Inc., Chicago, IL, USA) and MedCalc for Windows v12.5 (MedCalc Software, Ostend, Belgium).
Demographic data and neuropsychological test performance results were analyzed applying a single factor (group) within-subject ANOVA, followed by the Bonferroni post hoc test to determine the source of the effect. Assumption of variance homogeneity was assessed using the Levene test. In order to investigate the effects of age and education, an analysis of covariance (ANCOVA) adjusted for age and education in years followed by the Bonferroni post hoc analysis was conducted.
For each of the 4 memory measures (delayed recall, recognition score, d ′ , and C), we then calculated the receiver operating characteristic (ROC) curves and the respective area under the curve. Based on these curves, we selected the cutoff values with the highest value for the combined sensitivity and specificity as a proxy for the optimal cutoff value (Youden index).
Logistic regression analyses tested whether the d ′ and C indices, as predicted, would significantly improve the prediction of a cognitive impairment diagnosis beyond the prediction achieved by delayed recall and recognition scores of the RAVLT. Age, sex, and years of education were entered first into all analyses. Of the 3 groups included in the study, we took a-MCI and AD participants as a unique category in the analysis. We considered 4 models; in the first, delayed recall was used as a predictor of diagnosis. In the second, recognition score was added. In the third, d ′ , and finally we joined C. We estimated the model parameters by the maximum likelihood method and its significance with the Wald statistic as the overall significance of the models by calculating the deviance and its statistical significance with χ 2 . Finally, we arranged a crossclassification table and calculated the percentage of cases well predicted. We set statistical significance at p < 0.05.
Formal Aspects
The study was approved by the Institute of Neurological Research FLENI Ethics and Research Committee. After a complete description of the study to the participants and their relatives, all participants gave informed consent, or relatives gave consent on behalf of people with dementia that rendered them unable to give consent. Study design and reporting complied with STARD recommendations for diagnostic test studies [48] .
Results
Subject Demographics and Neuropsychological Test Results
The flow diagram of study participants is shown in Figure 1 . Patient demographics, MMSE, and other memory (logical and visual) and nonmemory test results for all groups are listed in Table 1 . All 3 groups were similar with respect to age, education level, and gender. The a-MCI group's performance was significantly lower than that of control subjects in the immediate and delayed logical memory test ( t = 7.09, p < 0.001), and in the delayed recall Rey-Osterrieth Complex Figure test ( t = 4.97, p < 0.001), confirming episodic memory impairment as the predominant symptom in these subjects. The AD dementia group performed worse than the control subjects in MMSE ( t = 7.80, p < 0.001) and in almost all cognitive functions evaluated (episodic memory, attention, psychomotor speed, executive function, and visuospatial skills).
Episodic Memory
The results of the RAVLT tasks for all groups are shown in Table 2 . Significant difference ( p < 0.001) was observed with respect to the number of recalled words, as well as in the shortdelay (after List B) and long-delay (after 20 min) recall assessment.
The a-MCI group's performance was significantly lower than that of control subjects in the total number of recalled words ( t = 7.14, p < 0.001), and in the long-delay trial ( t = 13.11, p < 0.001). The mild AD dementia group performed worse than the MCI group in the total number of recalled words ( t = 3.15, p = 0.02), and in the long-delay trial ( t = 2.41, p = 0.02).
Recognition Memory
Yes/no recognition showed significant group differences for the RAVLT recognition trial (F (2) = 33.91, p < 0.001), d ′ (F (2) = 83.26, p < 0.001) ( Fig. 2 ) , and for C (F (2) = 6.05, p = 0.00). Both impaired groups performed worse than controls in the RAVLT recognition trial ( t = 8.25, p < 0.001), d ′ ( t = 12.89, p < 0.001), and C ( t = -2.15, p = 0.03), although no differences between the a-MCI and AD dementia groups were observed. Co-varying for age or education had no effect on these results (ANCOVA results not shown). The results of ROC analyses are shown in Table 3 . These data allow for comparisons of specificity of each test for a fixed level of sensitivity, and vice versa. RAVLT delayed recall and d ′ consistently showed higher specificity for a given sensitivity, and also demonstrated higher sensitivity for a given specificity. For discriminating controls from cognitive impairment in general (a-MCI/AD group), the optimal cutoff point of RAVLT delayed recall was 4 with a high level of sensitivity (90.43) and specificity (91.11), and that of d ′ was 1.70 with a high sensitivity (82.98) and specificity (91.11). Equally, sensitivity analysis by age and education level categories showed similar results to the whole sample (data not shown). The area under the curve of RAVLT delayed recall (= 0.976) and d ′ (= 0.946) were significantly larger than those of the RAVLT recognition trial (= 0.877) and C (= 0.603) ( p < 0.001). CoP, cutoff point; Sn, sensitivity; Sp, specificity; PPV, positive predictive value; NPV, negative predictive value. Table 3 . Sensitivity, specificity, positive and negative predictive values for RAVLT delayed recall, RAVLT recognition trial, d′, and C A logistic regression analysis was conducted to predict group membership (a-MCI/AD from controls), with age, sex, and years of education as standard predictors, and using RAVLT delayed recall, RAVLT recognition trial, d ′ , and C as cognitive predictors. A test of the full model against a constant-only model was statistically significant, indicating that the predictors as a set reliably distinguished between controls and cognitive impairment (χ 2 = 128.866, p = 0.00 with df = 1). Nagelkerke's R 2 of 0.84 indicated a moderately strong relationship between prediction and grouping. Prediction success overall was 92.8% (86.7% for controls and 95.7% for cognitive impairment). The Wald criterion demonstrated that only RAVLT delayed recall ( p = 0.00) and d ′ ( p = 0.04) made a significant contribution to prediction. The RAVLT recognition trial and C measure were not significant predictors. Importantly, adding the d ′ measure (model 3 and 4) as a predictor to models 1 or 2 increased the model fits ( Table 4 ) .
A wide dispersion of recognition memory performance was observed in both patients groups. 12% (4/41) of the controls, 80% (41/51) of the a-MCI, and 86% (37/43) of the AD dementia participants had impaired d ′ scores ( ≤ 1.7). Of the a-MCI and AD dementia patients, 51% (26/51) and 48% (21/43), respectively, had ''normal'' recognition trial score (RAVLT recognition memory scores of better than 1.5 SD below the mean for the normal comparison group). Data are presented as mean ± standard deviation or n (%). a-MCI, amnestic mild cognitive impairment; AD, Alzheimer disease; d', total recognition discriminability; C, response bias. * p < 0.05; ** p < 0.001. a Significantly different from controls. b Significantly different from a-MCI. The performance in MMSE, other cognitive tests, RAVLT tasks (results not shown), d ′ , and C was analyzed separately for participants with recognition trial scores of better than 1.5 SD below the mean for the normal comparison group ( Table 5 ). The a-MCI and AD dementia groups performed worse than controls in d ′ (F = 45.30, p < 0.001) and in C (F = 5.54, p = 0.05). No differences were detected in d ′ between the a-MCI and AD dementia groups. With respect to C, the AD dementia group showed a more liberal response than controls ( t = 3.49, p < 0.001) and the a-MCI ( t = 2.13, p = 0.04) groups.
Discussion
The aim of the current study was to examine memory performance using different methods for scoring responses on the RAVLT, with a particular interest in understanding all involved aspects of recognition memory in individuals with mild AD dementia, a-MCI, and cognitively intact older adults. This aim was investigated by comparing traditional recognition memory score (''correct hits'') with the discriminability (d ′ ) and response bias (C) indices from SDT.
Supporting our initial predictions, we found that a-MCI subjects performed similarly to AD dementia subjects across the majority of RAVLT variables examined, albeit with less impairment. This pattern was seen not only for learning and recall scores but also for variables such as traditional recognition score, d ′ , and C. Signal detection analysis suggested that a-MCI/AD dementia patients as a combined group were less able to distinguish targets from distractors and had a more liberal response bias, relative to the normal aging group, consistent with previous studies [13, 15, 21, 22, 26, 49] . In contrast, nonmemory measures were significantly different only between the AD dementia group and a-MCI or normal-aging group, but not between the a-MCI and normal-aging subjects. These findings underscore the similarities between the recall and recognition memory performances of these groups and support the notion of a-MCI continuum process as a prodromal stage of AD in many cases [50] .
Our results also showed that the best predictors of group membership (normal aging, a-MCI/AD dementia) were long-delayed recall and d ′ scores, and inclusion of the other measures did not significantly improve the model. The d ′ measure correctly classified subjects with 82.98% sensitivity and 91.11% specificity, which is comparable to the classification of MCI and AD patients using recall scores [14, 51, 52] . In contrast, the traditional recognition memory scores (number of correct hits) had lower sensitivity and specificity. Critically, the discriminant function results indicate that among the 4 scores that were compared, delayed recall and d ′ best distinguished the a-MCI/AD dementia group from the normal-aging group, but not traditional recognition score or C. These findings suggest that the discriminability index provides unique, clinically meaningful information that may be hidden when only traditional recognition scores are considered to characterize the recognition memory performance. To the best of our knowledge, this is the first report showing that a combination of both delayed recall and discriminability scores may be useful for defining episodic memory impairment associated with a-MCI and early AD dementia.
Interestingly, the decreased recognition memory performance in some individuals with a-MCI and AD dementia was driven by an increase in false alarms errors, rather than a reduced number of correct responses. This pattern is similar to previous findings in this population [50, 53] . Our results indicated that 51% of patients with a-MCI and 48% of patients with AD dementia had a normal recognition based on the number of ''correct hits.'' In this subgroup analysis, individuals with a-MCI and AD dementia had more difficulties in discriminating between targets and distractors (as indicated by an average d ′ of 1.39 and 1.31, respectively) and were also more liberal (as indicated by an average C of 0.23 and -0.02, respectively) when compared with the healthy control group. We also found that patients with mild AD dementia showed a more liberal response bias as a group compared to the a-MCI group or controls. Impaired discrimination, frontal lobe dysfunction, or a more extensive pathology in the medial temporal lobe structures in patients with AD could be responsible for the finding of a more liberal response bias. Some authors have determined that the patients' liberal response bias is not simply related to their poor discrimination [13, 21] , also when the discrimination level was matched between the groups [21] . We argue that the liberal response bias in our sample is not due to poor discrimination, but that it is a separate and distinct problem of memory in patients with AD, because both impaired groups (a-MCI and mild AD dementia) showed no significant differences in d ′ performance, irrespective of their traditional recognition measures.
Regarding frontal lobe dysfunction in patients with AD, it is known that these patients show pathological changes in the frontal cortex [54] and frontal lobe dysfunction [21, 54, 55] . Compared with the a-MCI group or healthy controls, our patients with mild AD dementia performed worse in many tests which have been associated with frontal lobe dysfunction including verbal fluency to letters [40] , cognitive flexibility [42] , and global executive functioning [43] .
Finally, the more liberal response bias in AD dementia patients may be related to the progression of their mesial-temporal pathology. It has been postulated that the differences between patients with clearly impaired item recognition and less clearly defined impairment are related to the variation in the extent of subtle, but functionally significant damage or dysfunction outside the hippocampus [56] [57] [58] . Other authors consider that damage to different structures, such as the perirhinal cortex, is required to produce impairment in recognition memory [59] . With this evidence, one possibility is that damage to the hippocampus is responsible for the abnormally liberal response bias observed in patients with AD [21] . We believe that a possible explanation is that as AD progresses, 2 distinct processes of recognition memory occur: impaired discrimination and a more liberal response bias. This point must be investigated in depth in future studies, especially if both recognition memory variables may be considered a measure of the severity of AD.
We now speculate on the possible implications of these results. First, we consider that the signal detection measures may assist in separating memory efficiency (d ′ ) from decision processes (C) and may help to clarify these 2 aspects. Prior research has demonstrated the usefulness of signal detection analysis to assess recognition memory impairment in clinical groups [13] . Secondly, despite having a similar number of hits and false alarms, subjects with a-MCI and AD dementia probably have different memory problems, which may be attributable to poor discriminability in both groups and/or abnormal response bias in the AD dementia group. A high number of false alarms errors may indicate an abnormal response bias, and thus may underestimate the true recognition memory performance. Recognition memory performance may be even lower based on discriminability and response bias measures. Lastly, the patterns of hits, false alarms, d ′ , and response bias differ significantly between the a-MCI/AD dementia and control groups, suggesting the possible diagnostic utility of analysis of false alarm errors in the detection of early dementia.
Although more research is warranted, evidence suggests that different patterns of recognition memory performance can be helpful in distinguishing a-MCI subtypes. Additional studies are needed to determine if a-MCI subjects having a high number of false alarms due to an abnormal discriminability and response bias have an even greater risk of developing early AD dementia, relative to a-MCI subjects with fewer false alarms.
In conclusion, this paper contributes to extend the knowledge about the episodic memory deficits that characterize a-MCI and mild AD dementia, and underlines the importance of including both recall and recognition measures for the purpose of detecting early AD in a-MCI, which can be an advantage when attempting to identify participants for clinical trials. Thus, signal detection measures may help enhance diagnostic specificity in defining a-MCI and early AD.
The limitations of the results observed include: first, the fact that the study design is entirely cross-sectional, without longitudinal follow-up to determine disease progression; second, the fact that participants were drawn exclusively from memory clinics, which could have biased results; third, the absence of a measure that estimates the premorbid intelligence level of participants may have biased the comparisons between groups, especially in subjects with prodromal neurodegenerative disease; and finally, the fact that no biomarkers were included in the sample, which are a useful, consistent, and valuable tool to homogenize MCI patients who already have AD in a pre-dementia phase, and who will present an inexorable progression to dementia due to AD over the years [60] .
